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ABSTRACT

A control apparatus, a vehicle and a control method which
improve user-iriendliness of a technique for providing infor-
mation to an interior or an exterior of a vehicle are provided.
The control apparatus of the vehicle includes a controller
which changes the degree of visibility between the exterior
and the interior of the vehicle based on at least one of first
information indicating a state of the exterior of the vehicle
and second information indicating a state of the interior of

the vehicle.
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CONTROL APPARATUS, VEHICLE, AND
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to Japanese Patent
Application No. 2019-136442 filed on Jul. 24, 2019, the

entire disclosure of which 1s incorporated herein by refer-
ence.

TECHNICAL FIELD

The present disclosure relates to a control apparatus, a
vehicle, and a control method.

BACKGROUND

Conventionally, techniques for providing information to
the interior or the exterior of a vehicle are known. For
example, JP 2018-073351 A (PTL 1) discloses a vehicle
control system which outputs information as to whether it 1s
possible to board a vehicle, to the exterior of the vehicle.

CITATION LIST
Patent Literature

PTL 1: JP2018073351A

SUMMARY

In recent years, it 1s desired to provide various kinds of
information to the interior or the exterior of a vehicle 1n
association with provision of a service to passengers of the
vehicle. For example, it 1s desired to allow the condition of
the 1nterior of a vehicle to be viewed from the exterior of the
vehicle or the condition of the exterior of the vehicle to be
viewed from the interior of the vehicle 1n accordance with a
state of the service, or the like, of the vehicle. Therelore, it
1s desired to further improve the user-friendliness of tech-
niques for providing information to the interior or the
exterior of vehicles.

An object of the present disclosure which has been made
in view ol such circumstances 1s to provide a control
apparatus, a vehicle, and a control method which improve
the user-iriendliness of a technique for providing informa-
tion to the interior or the exterior of a vehicle.

A control apparatus according to one embodiment of the
present disclosure 1s a control apparatus for a vehicle,
including, a controller configured to change the degree of
visibility between an exterior and an interior of the vehicle
based on at least one of first information indicating a state of
the exterior of the vehicle and second information indicating,
a state of the interior of the vehicle.

A control method according to one embodiment of the
present disclosure 1s a control method for a vehicle, the
control method including a changing, by a controller, the
degree of visibility between an exterior and an interior of the
vehicle based on at least one of first information indicating
a state of the exterior of the vehicle and second information
indicating a state of the interior of the vehicle.

According to the control apparatus, the vehicle and the
control method according to one embodiment of the present
disclosure, the user-friendliness of a technique for providing
information to the interior or the exterior of a vehicle 1s
improved.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic diagram illustrating an outline of a
vehicle according to one embodiment of the present disclo-
Sure;

FIG. 2 1s further schematic diagram illustrating the outline
of the vehicle according to one embodiment of the present
disclosure:

FIG. 3 1s a block diagram illustrating a schematic con-
figuration of the vehicle according to one embodiment of the
present disclosure;

FIG. 4 1s a flowchart illustrating operation of the vehicle;
and

FIG. 5 1s further schematic diagram illustrating the outline

of the vehicle according to one embodiment of the present
disclosure.

DETAILED DESCRIPTION

One embodiment of the present disclosure will be
described below with reference to the drawings.

In the respective drawings, the same reference numerals
are assigned to the same or corresponding parts. In the
description of the present embodiment, descriptions of the
same or corresponding parts will be omitted or simplified as
appropriate.

An outline of the present embodiment will be described
with reference to FIG. 1 and FIG. 2.

As 1llustrated 1n FIG. 1, a vehicle 10 1s, for example, a
vehicle in which the interior of the vehicle 10 1s a gym
provided with equipment for passengers to exercise. How-
ever, the vehicle 10 1s not limited to the example 1llustrated
in FIG. 1, and may be a vehicle such as an on-demand bus,
a hire car, a shared car or a taxi. In the present embodiment,
the vehicle 10 may be driven by a driver or driving may be
automated at an any approprate level. The level of automa-
tion 1s, for example, one of the levels from level 1 to level
5 as specified by the Society of Automotive Engineers
(SAE).

The vehicle 10 includes a visibility unit 11 which can
change the degree of visibility between the exterior and the
interior of the vehicle 10. In the present embodiment, the
degree of visibility 1s a degree to which a human 1s able to
recognize a visual recognition target. The degree of visibility
may indicate the degree to which the details of a visual
recognition target can be recognized or may indicate how
many portions of a visual recognition target can be viewed.
The visibility unit 11 includes, for example, a windshield
whose transmittance can be changed. The vehicle 10 con-
trols the visibility unit 11 to change the degree of visibility
between the exterior and the interior of the vehicle 10 on the
basis of at least one of first information indicating a state of
the exterior of the vehicle 10 and second information
indicating a state of the interior of the vehicle 10.

For example, the vehicle 10 determines the type of an area
through which the vehicle 10 travels from the first informa-
tion 1ndicating the state of the exterior of the vehicle 10. In
a case 1 which it 1s determined that the type of the area
through which the vehicle 10 travels 1s an urban area, the
vehicle 10 controls the wvisibility unmit 11 to increase the
degree of visibility between the exterior and the interior of
the vehicle 10 as illustrated in FIG. 1. In this manner, the
vehicle 10 can allow prospective customers who are walking
outside the vehicle 10 to view the condition of the interior
of the vehicle 10 to improve the eflectiveness of advertising
for services provided 1nside the vehicle 10. Meanwhile, 1n a
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case 1n which 1t 1s determined that the type of the area
through which the vehicle 10 travels 1s a suburb, the vehicle
10 may increase the degree of visibility of the vehicle 10. In
this manner, 1n a case 1n which the likelihood that the interior
of the vehicle 10 1s viewed from outside 1s lower, the vehicle
10 can improve level of satisfaction of passengers in the
vehicle 10 by showing scenery outside the vehicle 10 to the
passengers inside the vehicle 10.

Further, even 1n a case in which it 1s determined that the
type of the area through which the vehicle 10 travels 1s an
urban area, when 1t 1s determined from the second informa-
tion indicating the state of the interior of the vehicle 10, that
passengers ol the vehicle 10 do not desire to allow the
interior of the vehicle 10 to be viewed from outside, as
illustrated 1n FIG. 2, the vehicle 10 lowers the degree of
visibility between the exterior and the interior of the vehicle.
In this manner, the vehicle 10 can prevent a reduction 1n the
level of satisfaction of the passengers inside the vehicle 10.

A configuration of the vehicle 10 according to the present
embodiment will be described with reference to FIG. 3.

The vehicle 10 includes the visibility unit 11, a commu-
nication interface 12, a positioner 13, an 1mage capture unit
14, a meter 15, an 1input intertace 16, an output interface 17,
a memory 18, and a controller 19. The visibility umt 11, the
communication interface 12, the positioner 13, the image
capture unit 14, the meter 135, the input interface 16, the
output interface 17, the memory 18 and the controller 19 are
connected so as to be able to perform communication with
cach other via, for example, an in-vehicle network such as
a CAN (Controller Area Network) or a dedicated line.

A control apparatus 20 provided in the vehicle 10 may
include at least one of the visibility unit 11, the communi-
cation interface 12, the positioner 13, the 1image capture unit
14, the meter 15, the input interface 16, the output interface
17, the memory 18 and the controller 19. The control
apparatus 20 1s an apparatus which controls at least some of
the mechanisms provided in the vehicle 10. The control
apparatus 20 1s, for example, an ECU (Electronic Control
Unit) provided to the vehicle 10. However, the control
apparatus 20 1s not limited to the ECU and may be any
suitable 1n-vehicle apparatus such as a car navigation appa-
ratus. For example, FIG. 3 illustrates an example where the
control apparatus 20 includes the memory 18 and the
controller 19.

The visibility unit 11 can change the degree of visibility
between the exterior and the interior of the vehicle 10. The
visibility unit 11 can change the degree of visibility of
interior irom the exterior of the vehicle 10 and the degree of
visibility of the exterior from the interior of the vehicle 10.
In the present embodiment, the visibility umt 11 includes,
for example, a windshield whose transmittance can be
changed. In a case 1n which the visibility unit 11 includes a
windshield whose transmittance can be changed, the degree
of visibility between the exterior and the interior of the
vehicle 10 1s changed by changing transmittance of the
windshield. In the present embodiment, as illustrated in FIG.
1, the visibility unit 11 1s provided on a side surface of the
vehicle 10. However, the position where the visibility unit 11
1s provided 1s not limited to the side surface of the vehicle
10, and the visibility unit 11 may be provided at any suitable
position such as a front surface, a back surface or an upper
surface.

The visibility unit 11 1s not limited to a windshield whose
transmittance can be changed, and may include a door which
can be open and closed, a window shade, a curtain, a display,
or the like. In a case in which the visibility unit 11 includes
a door which can be open and closed, the degree of visibility
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between the exterior and the interior of the vehicle 10 1s
changed by changing an area of the door which 1s open. In
a case 1 which the visibility unit 11 includes a window
shade or a curtain, the degree of visibility between the
exterior and the interior of the vehicle 10 1s changed by
changing an area in which the window shade or the curtain
1s open. In a case in which the visibility unit 11 includes a
display, the visibility unit 11 may include a display arranged
to face outside of the vehicle 10 and a display arranged to
face 1mnside. In a case 1n which the display 1s arranged to face
outside of the vehicle 10, an 1image of the interior of the
vehicle 10 1s displayed on the display. In a case 1n which the
display 1s arranged to face 1nside of the vehicle 10, an 1mage
ol the exterior of the vehicle 10 1s displayed on the display.
The wvisibility umit 11 changes the degree of visibility
between the exterior and the interior of the vehicle 10 by
changing a display image of at least one of the display
arranged to face outside of the vehicle 10 and the display
arranged to face inside of the vehicle 10. Changing the
display 1mage of the display includes, for example, switch-
ing between ON and OFF of the display, changing a reso-
lution, a display area or a size of the image displayed on the
display, display of an 1image subjected to processing such as
blurring and distortion, or the like. The display arranged to
face outside of the vehicle 10 and the display arranged to
face 1nside may be controlled so as to have the same degree
of visibility or may be controlled to have different degrees
of change. For example, only the degree of visibility of the
display arranged to face outside may be changed without the
degree of visibility of the display arranged to face inside
being changed. In this manner, because passengers inside the
vehicle 10 are not aflected by a change of the degree of
visibility of the visibility unit 11, it 1s possible to prevent a
reduction 1n the level of satisfaction of the passengers.

The communication interface 12 includes one or more
communication modules. The communication module 1s, for
example, a communication module supporting mobile com-
munication standards such as 4G (4th Generation) and 5G
(3th Generation). The communication module may be a
communication module which supports near field commu-
nication standards such as Wi-F1 (Wi-F1 1s a registered
trademark in Japan, other countries, or both) and Bluetooth
(Bluetooth 1s a registered trademark in Japan, other coun-
tries, or both) and infrared communication. The communi-
cation module may be a communication module which
supports communication standards for an 1n-vehicle network
such as a CAN described above. For example, m-vehicle
communication equipment may function as the communi-
cation interface 12. In the present embodiment, the commu-
nication interface 12 transmits and receives information to
and from information processing apparatuses, or the like,
external to the vehicle, which are connected in accordance
with mobile communication standards.

The positioner 13 acquires position mformation for the
vehicle 10. The positioner 13 may include a receiver which
supports a satellite positioning system. The satellite posi-
tioning system supported by the receiver may be, for
example, GPS (Global Positioning System). For example, a
car navigation apparatus may function as the positioner 13.

The 1mage capture unit 14 captures an 1mage of the
interior or the exterior of the vehicle 10. The image capture
unmit 14 may include, for example, a camera. For example, an
in-vehicle camera such as a dashboard camera may function
as the 1mage capture unit 14.

The meter 15 measures a physical quantity of the interior
or the exterior of the vehicle 10. The meter 15 may include
a sensor such as, for example, a speedometer, an acceleration
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sensor, a gyro sensor, a human-presence sensor, an 1llumi-
nance sensor, a thermometer, a hygrometer, a raindrop
sensor or a radar. When the meter 15 measures a physical
quantity, the meter 15 converts the physical quantity into an
clectrical signal.

The mput interface 16 accepts input operations. The input
interface 16 may be any suitable input apparatus such as, for
example, a touch panel, a camera, a microphone or an IC
card reader. When the mput interface 16 accepts an 1nput
operation, the input interface 16 converts the imput operation
into an electrical signal.

The output interface 17 outputs information using 1images,
sounds, or the like. The output interface 17 may be any
suitable output apparatus such as, for example, a display or
a speaker.

The memory 18 may be, for example, a semiconductor
memory, a magnetic memory, an optical memory, or the like.
The memory 18 may function as, for example, a main
storage apparatus, an auxiliary storage apparatus or a cache
memory. The memory 18 stores arbitrary information to be
used for operation of each function of the vehicle 10 and the
control apparatus 20. For example, the memory 18 may store
a system program, an application program, built-in software,
or the like.

The controller 19 1ncludes one or more processors. The
processor may be, for example, a general-purpose processor
such as a CPU (Central Processing Unit), a dedicated
processor which 1s dedicated to particular processing, or the
like. The controller 19 1s not limited to a processor, and may
include one or more dedicated circuits. The dedicated circuit
may be, for example, an FPGA (Field-Programmable Gate
Array), or an ASIC (Application Specific Integrated Circuit).
The controller 19 may respectively control the visibility unit
11, the communication interface 12, the positioner 13, the
image capture unit 14, the meter 15, the iput interface 16,
the output interface 17 and the memory 18 described above
to realize functions thereof.

Operation of the vehicle 10 to be realized by each function
of the vehicle 10 controlled by the controller 19 will be
described with reference to FIG. 4. The operation of the
vehicle 10 corresponds to a control method of the vehicle 10
and a control method of the control apparatus 20 of the
vehicle 10.

In step S101, the controller 19 acquires first information
indicating a state of the exterior of the vehicle 10.

The first information 1s information indicating a state of
the exterior of the vehicle 10. As will be described later, the
first information 1s used to determine the number of viewing
persons who view the interior of the vehicle 10 from the
exterior. The first information includes, for example, an
image of the exterior of the vehicle 10, the number of mobile
terminals outside the vehicle 10, or the like. Further, the first
information may include information indirectly indicating
the state of the exterior of the vehicle 10 such as position
information of the vehicle 10 and speed information. Spe-
cifically, the controller 19 may capture an i1mage of the
exterior of the vehicle 10 with the camera included 1n the
image capture unit 14. The controller 19 may perform near
field communication using the communication interface 12,
and may acquire the number of mobile terminals with which
communication 1s possible as the number of mobile termi-
nals outside the vehicle 10. The controller 19 may acquire a
two-dimensional coordinate, or the like, of the vehicle 10
with the GPS recerver included 1n the positioner 13 as the
position information. Alternatively, the controller 19 may
acquire speed mformation such as the speed of the vehicle
10 and acceleration using the speedometer imncluded 1n the
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meter 15. The controller 19 may cause the acquired first
information to be stored in the memory 18.

In step S102, the controller 19 acquires second informa-
tion indicating a state of the interior of the vehicle 10.

The second mnformation 1s information indicating a state
of the interior of the vehicle 10. As will be described later,
the second information 1s used to determine a viewing
allowance level for viewing the interior of the vehicle 10
from the exterior. The second information may include, for
example, an 1image of the interior of the vehicle 10, a usage
state ol equipment provided inside the vehicle 10, and
information regarding the interior of the vehicle 10 mput
through iput operations by passengers of the vehicle 10.
Specifically, the controller 19 may capture an 1image of the
interior of the vehicle 10 with the camera included 1n the
image capture unit 14. The controller 19 may acquire a usage
state of equipment with a sensor included 1n the meter 15
provided to the equipment inside the vehicle 10. Alterna-
tively, the controller 19 may acquire information regarding
the interior of the vehicle 10 mput through mnput operations
by passengers inside the vehicle 10 using the touch panel
included in the put interface 16. The controller 19 may
cause the acquired second information to be stored in the
memory 18. In the present embodiment, the communication
interface 12, the positioner 13, the image capture unit 14, the
meter 15 and the mput mterface 16 will be collectively
referred to as an acquisition interface 1n a case in which they
are used to acquire the first mmformation or the second
information.

In step S103, the controller 19 changes the degree of
visibility between the exterior and the interior of the vehicle
10 on the basis of at least one of the first information and the
second information.

In step S103, the controller 19 may change the degree of
visibility between the exterior and the interior of the vehicle
10 on the basis of the first information.

Specifically, the controller 19 determines the number of
viewing persons who view the interior of the vehicle 10 from
the exterior on the basis of the first information. The number
of viewing persons of the vehicle 10 1s information indicat-
ing the degree to which the interior of the vehicle 10 1s
viewed by persons located outside the vehicle 10. The
number of viewing persons of the vehicle 10 includes, for
example, the number of persons who view the interior of the
vehicle 10 from the exterior. The number of viewing persons
of the vehicle 10 1s not limited to information obtained by
directly quantitying the number of persons, and may include
information indirectly indicating the number of persons who
view the interior of the vehicle 10 from outside, such as a
probability, a frequency, accuracy, or the like, of the interior
of the vehicle 10 being viewed by persons located outside
the vehicle 10.

In a case 1n which an image of the exterior of the vehicle
10 1s acquired as the first information, the controller 19 may
determine the number of viewing persons of the vehicle 10
on the basis of the number of persons appearing in the 1mage
extracted using an i1mage recognition technology such as
face detection. In a case in which the number of mobile
terminals outside the vehicle 10 1s acquired as the first
information, the controller 19 may determine the number of
viewing persons of the vehicle 10 on the basis of the number
of mobile terminals. In a case 1n which position information
for the vehicle 10 1s acquired as the first information, the
controller 19 may determine the type of an area through
which the vehicle 10 travels, corresponding to the position
information. The type of the area may include, for example,
an urban area, a suburb, an expressway, a costal road, a
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mountain road, or the like. The type of the area may be
stored 1n, for example, the memory 18 in advance, 1n
association with the position mnformation of the vehicle 10.
The controller 19 may determine the number of viewing
persons of the vehicle 10 on the basis of the type of the area.
For example, the controller 19 may determine that more
persons are located outside the vehicle 10 and the number of
viewling persons 1s greater in a case in which the type of the
area through which the vehicle 10 travels 1s an urban area
than 1n a case 1n which the type of the area 1s a suburb or an
expressway. Alternatively, 1n a case 1n which speed infor-
mation for the vehicle 10 1s acquired as the first information,
the controller 19 may determine whether persons located
outside the vehicle 10 can view the interior of the vehicle 10
from the speed of the vehicle 10 and may determine the
number of viewing persons. For example, the controller 19
may determine that the number of Viewing persons who can
view the interior with high accuracy 1s greater 1n a case 1n
which the speed of the vehicle 10 1s lower than 1n a case in
which the speed 1s thher because persons located outside
the vehicle 10 can view the interior of the vehicle 10 for a
longer period of time.

The controller 19 changes the degree of visibility between
the exterior and the interior of the vehicle 10 on the basis of
the determined number of viewing persons who view the
interior of the vehicle 10 from outside. For example, the
controller 19 may increase the degree of visibility between
the exterior and the interior of the vehicle 10 as the deter-
mined number of viewing persons who view the interior of
the vehicle 10 from outside increases. Specifically, 1n a case
in which the number of viewing persons 1s equal to or
greater than a first threshold, the controller 19 may enable
visibility between the exterior and the interior of the vehicle
10. For example, the first threshold may be the number of
viewing persons at which eflective advertising can be
expected 1n a case 1n which the interior of the vehicle 10 1s
made visible from outside. The controller 19 may enable
visibility between the exterior and the interior of the vehicle
10 by making the degree of visibility of the visibility unit 11
equal to or greater than predetermined degree of visibility.
The controller 19 may store conditions such as the first
threshold and the predetermined degree of visibility in the
memory 18 1n advance. The predetermined degree of vis-
ibility may include a condition of transmittance of the
windshield which 1s included 1n the visibility unit 11 and
whose transmittance can be changed. The controller 19 may
enable visibility between the exterior and the interior of the
vehicle 10 by changing the transmittance of the windshield
to equal to or greater than the transmittance included 1n the
predetermined degree of wvisibility. Further, the predeter-
mined degree of visibility may include a condition for an
area of the windshield included in the visibility unmit 11,
which 1s made visible. The controller 19 may enable vis-
ibility between the exterior and the interior of the vehicle 10
by changing an area of the windshield which 1s made visible
to equal to or greater than the area included in the prede-
termined degree of visibility. The predetermined degree of
visibility may be approprately determined in accordance
with a type, use application, or the like, of the vehicle 10.
The predetermined degree of visibility may be adjusted to an
appropriate value in accordance with the traveling speed of
the vehicle 10, a level of sunlight outside, the weather, or the
like. Further, the controller 19 may store a set of a plurality
of thresholds and degree of visibility corresponding to the
thresholds concerning the number of viewing persons. The
controller 19 may increase the degree of visibility between
the exterior and the interior of the vehicle 10 1n a stepwise
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manner as the determined number of viewing persons who
view the iterior of the vehicle 10 from outside increases by
using the sets.

Meanwhile, the controller 19 may increase the degree of
visibility between the exterior and the interior of the vehicle
10 as the determined number of viewing persons who view
the mterior of the vehicle 10 from outside decreases. Spe-
cifically, the controller 19 may enable visibility between the
exterior and the interior of the vehicle 10 1n a case 1n which

the number of viewing persons i1s equal to or less than a
second threshold. For example, the second threshold may be
the number of viewing persons whose lines of sight from
outside of the vehicle 10 do not bother passengers inside the
vehicle 10 1n a case 1n which visibility between the exterior
and the interior of the vehicle 10 1s enabled. As described
above, the controller 19 may enable visibility between the
exterior and the interior of the vehicle 10 by making the
degree of visibility of the visibility unit 11 equal to or greater
than the predetermined degree of visibility. The controller 19
may store conditions such as the second threshold and the
predetermined degree of visibility 1n the memory 18 in
advance. Further, the controller 19 may store a set of a
plurality of thresholds and degrees of visibility correspond-
ing to the thresholds concerning the number of viewing
persons. The controller 19 may increase the degree of
visibility between the exterior and the interior of the vehicle
10 in a stepwise manner as the determined number of
viewing persons who view the interior of the vehicle 10 from
outside decreases by using the sets.

In step S103, the controller 19 may change the degree of

visibility between the exterior and the interior of the vehicle
10 on the basis of the second information.

Specifically, the controller 19 determines a viewing
allowance level for viewing the interior of the vehicle 10
from the exterior on the basis of the second information. The
viewing allowance level of the vehicle 10 1s information
indicating the degree to which passengers inside the vehicle
10 allow the interior of the vehicle 10 to be viewed from the
exterior. .

The viewing allowance level of the vehicle 10
includes, for example, the number of passengers who allow
the 1nterior of the vehicle 10 to be viewed from the exterior.
The viewing allowance level of the vehicle 10 1s not limited
to the number of persons, and may further include the
number of pieces of equipment inside the vehicle 10 which
are not used, or the like.

In a case 1n which an image of the interior of the vehicle
10 1s acquired as the second information, the controller 19
may determine the viewing allowance level of the vehicle 10
on the basis of the number of persons appearing 1n the image
extracted using an 1mage recognition technology such as
face detection. For example, in a case in which it 1s deter-
mined that there are no persons inside the vehicle 10 from
the image of the interior of the vehicle 10; that 1s, 1n a case
in which 1t 1s determined that there are no passengers, the
controller 19 may determine that the viewing allowance
level of the vehicle 10 1s high. In a case 1n which a usage
state of equipment provided 1nside the vehicle 10 1s acquired
as the second information, the controller 19 may determine
that the viewing allowance level 1s ligh at or around
equipment which 1s not being used by the passengers. In a
case 1n which an input operation indicating that viewing 1s
allowed 1s accepted from passengers of the vehicle 10 as the
second information, the controller 19 may determine that the
viewing allowance level of the vehicle 10 1s high. Mean-
while, 1n a case 1n which an 1mput operation indicating that
viewing 1s not allowed i1s accepted from passengers of the
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vehicle 10 as the second information, the controller 19 may
determine that the viewing allowance level of the vehicle 10
1s low.

The controller 19 changes the degree of visibility between
the exterior and the interior of the vehicle 10 on the basis of
the determined viewing allowance level for viewing the
interior of the vehicle 10 from outside. For example, 1n a
case 1n which the viewing allowance level 1s equal to or
greater than a third threshold, the controller 19 may enable
visibility between the exterior and the interior of the vehicle
10. For example, 1n a case in which the interior of the vehicle
10 1s made visible from the exterior, the third threshold may
be the viewing allowance level at which the level of satis-
taction of the passengers of the vehicle 10 falls to within an
allowed level. As described above, the controller 19 may
cnable visibility between the exterior and the interior of the
vehicle 10 by making the degree of visibility of the visibility
unit 11 equal to or greater than the predetermined degree of
visibility. The controller 19 may store conditions such as the
third threshold and the predetermined degree of visibility in
the memory 18 1n advance. Further, the controller 19 may
store a set of a plurality of thresholds and degrees of
visibility corresponding to the thresholds concerning the
viewing allowance level. The controller 19 may increase the
degree of visibility between the exterior and the interior of
the vehicle 10 1n a stepwise manner as the determined
viewing allowance level for the interior of the vehicle 10
being viewed from outside increases using the sets.

In step S103, the controller 19 may change the degree of
visibility between the exterior and the interior of the vehicle
10 on the basis of the first information and the second
information.

As described above, the controller 19 determines the
number of viewing persons who view the interior of the
vehicle 10 from outside determined on the basis of the first
information, and the viewing allowance level for the interior
of the vehicle 10 being viewed from outside determined on
the basis of the second information. The controller 19 may
change the degree of visibility between the exterior and the
interior of the vehicle 10 on the basis of the determined
number of viewing persons and the determined viewing
allowance level. Specifically, even 1n a case 1n which the
number of viewing persons satisfies a condition for enabling
visibility between the exterior and the interior of the vehicle
10, when the viewing allowance level does not satisiy a
condition for enabling visibility between the exterior and the
interior of the vehicle 10, the controller 19 does not enable
visibility between the exterior and the interior of the vehicle
10. For example, even 1n a case in which 1t 1s determined that
suilliciently effective advertising can be obtained on the basis
of the number of viewing persons, when 1t 1s determined that
the viewing allowance level of the passengers of the vehicle
10 1s low, the controller 19 does not increase the degree of
visibility between the exterior and the interior of the vehicle
10. Alternatively, even in a case in which the viewing
allowance level satisfies a condition for enabling visibility
between the exterior and the interior of the vehicle 10, when
the number of viewing persons does not satisfy a condition
for enabling visibility between the exterior and the interior
of the vehicle 10, the controller 19 does not enable visibility
between the exterior and the interior of the vehicle 10. For
example, even 1n a case 1n which 1t 1s determined that
agreement of the passengers ol the vehicle 10 can be
obtained, and the viewing allowance level 1s high, when 1t 1s
determined that sufliciently effective advertising cannot be
obtained on the basis of the number of viewing persons, the
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controller 19 does not increase the degree of visibility
between the exterior and the iterior of the vehicle 10.

In step S104, the controller 19 determines whether or not
to continue the present processing. In a case in which the
controller 19 determines to continue the processing (step
S104: Yes), the controller 19 may repeatedly change the
degree of visibility between the exterior and the interior of
the vehicle 10 by executing processing from step S101. In
the present embodiment, a predetermined timing may be, for
example, a timing regularly repeated at predetermined time
intervals. However, the predetermined timing may be a
timing which 1s not regularly repeated, and may be 1rregu-
larly repeated. By repeating the present processing, for
example, even 1n a case 1n which a state of the exterior or the
interior of the vehicle 10 changes in association with trav-
cling of the vehicle 10, the controller 19 can automatically
change the degree of visibility between the exterior and the
interior of the vehicle 10 in accordance with the change 1n
the state of the exterior or the interior of the vehicle 10.

Vehicle Operation Example

Operation of the vehicle 10 will be described below using
specific examples with reference to FIG. 1, FIG. 2 and FIG.
5. For example, 1t 1s assumed that the vehicle 10 1s a vehicle
in which the interior of the vehicle 10 1s a gym provided with
equipment for passengers to exercise. The vehicle 10
includes the visibility unit 11 which includes a windshield
whose transmittance can be changed. As 1illustrated 1n FIG.
2, 1t 1s assumed that, 1n a case 1n which it 1s determined from
an 1mage captured by the image capture umt 14 that a
passenger 1s 1n the vehicle 10, the vehicle 10 travels while
lowering the transmittance of the windshield of the visibility
unit 11 to lower the degree of visibility between the exterior
and the interior of the vehicle 10.

For example, it 1s assumed that the vehicle 10 1s traveling
through a suburb. Because a type of the area through which
the vehicle 10 travels 1s a suburb from the position infor-
mation of the vehicle 10 acquired by the positioner 13, the
vehicle 10 determines that there are relatively few viewing
persons outside the vehicle 10. As a result, as illustrated in
FIG. 1, the transmittance of the windshield of the visibility
umt 11 1s increased, and the degree of visibility between the
exterior and the interior of the vehicle 1s increased. In this
manner, the vehicle 10 can improve the level of satistaction
of the passengers by allowing the passengers inside the
vehicle 10 to work out 1n an open environment by showing
scenery outside the vehicle 10.

Next, 1t 1s assumed that the vehicle 10 1s traveling through
an urban area. Because the type of an area through which the
vehicle 10 travels 1s an urban area from the position nfor-
mation of the vehicle 10 acquired by the positioner 13, the
vehicle 10 determines that there are many viewing persons
outside the vehicle 10. In this manner, the vehicle 10
determines that eflective advertising for the service provided
inside the vehicle 10 can be improved by making the interior
of the vehicle 10 visible. Meanwhile, 1n a case where 1t 1s
determined from a usage state of the training equipment of
the vehicle 10 acquired by the meter 15 that all equipment
1s being used by the passengers, the vehicle 10 determines
that the viewing allowance level 1s low. As a result, as
illustrated 1in FIG. 2, the vehicle 10 maintains a low degree
of visibility between the exterior and the interior of the
vehicle 10. In this manner, the vehicle 10 prevents a reduc-
tion 1n the level of satisfaction of the passengers.

Thereatter, the vehicle 10 determines from the usage state
of the training equipment of the vehicle 10 acquired by the
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meter 15 that there 1s equipment which 1s not used by a
passenger. In this case, the vehicle 10 can determine that the
viewing allowance level 1s high around the equipment which

1s not used by the passengers. As a result, as illustrated 1n
FIG. 5, the vehicle 10 increases the degree of visibility 5
between the exterior and the interior of the vehicle 10 only
around the equipment which 1s not used by the passengers.

In this manner, the vehicle 10 can improve the eflectiveness
of advertising for the service provided 1nside the vehicle 10
by showing the condition of the interior of the vehicle 10 to 10
prospective customers who are walking outside the vehicle
10 within a particular range, without lowering the level of
satisfaction of the passengers.

As described above, the control apparatus 20 according to
the present embodiment 1s the control apparatus 20 of the 15
vehicle 10. The control apparatus 20 includes the controller
19. The controller 19 changes the degree of visibility
between the exterior and the 1nterior of the vehicle 10 on the
basis of at least one of first information indicating a state of
the exterior of the vehicle 10 and second information 20
indicating a state of the interior of the vehicle 10. According
to such a configuration, the control apparatus 20 of the
vehicle 10 can make the interior of the vehicle 10 visible
from the exterior or make the exterior visible from the
interior, from the state of the exterior or the interior of the 25
vehicle 10. In this manner, for example, 1t 1s possible to
improve the eflectiveness of advertising for the service
provided inside the vehicle 10 by showing the state of the
interior of the vehicle 10 to prospective customers who are
walking outside the vehicle 10. Alternatively, 1t 1s possible 30
to 1improve the level of satisfaction of the passengers by
creating an open environment by showing scenery outside
the vehicle 10 to the passengers inside the vehicle 10.
Theretore, the user-friendliness of a techmque for providing
information to the interior or the exterior of a vehicle 1s 35
improved.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the first information may include
an 1mage of the exterior of the vehicle 10. The controller 19
can change the degree of visibility on the basis of the 40
number of persons appearing i1n the image of the exterior of
the vehicle 10. According to such a configuration, the
control apparatus 20 of the vehicle 10 can determine
whether there are many or few opportunities for viewing of
the interior of the vehicle 10 from the exterior on the basis 45
of the number of persons appearing in the image, and can
change the degree of visibility between the exterior and the
interior of the vehicle 10.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the first information may include 50
position information for the vehicle 10. The controller 19
can change the degree of visibility on the basis of the type
of an area corresponding to the position information for the
vehicle 10. According to such a configuration, the control
apparatus 20 of the vehicle 10 can determine whether there 55
are many or few opportunities for viewing the interior of the
vehicle 10 from the exterior and can change the degree of
visibility between the exterior and the interior of the vehicle
10 1n accordance with the type of the area through which the
vehicle 10 travels. 60

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the controller 19 can determine the
number of viewing persons who view the interior of the
vehicle 10 from the exterior and can change the degree of
visibility on the basis of the first information. According to 65
such a configuration, the control apparatus 20 of the vehicle
10 can change the degree of visibility between the exterior
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and the interior of the vehicle 10 1n accordance with the
determined number of viewing persons.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, 1n a case in which the number of
viewing persons 1s equal to or greater than a first threshold,
the controller 19 can enable visibility between the exterior
and the interior of the vehicle 10. According to such a
configuration, for example, in a case 1n which there are many
prospective customers outside the vehicle 10 and effective
advertising of the service provided inside the vehicle 10 can
be expected, the controller 19 enable visibility between the
exterior and the interior of the vehicle 10. In this manner, the
control apparatus 20 of the vehicle 10 can improve the
cllectiveness of advertising by opening the interior of the
vehicle 10 to outside.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, 1n a case in which the number of
viewing persons 1s equal to or less than a second threshold,
the controller 19 can enable visibility between the exterior
and the interior of the vehicle 10. According to such a
configuration, for example, in a case 1n which there are
relatively few persons outside the vehicle 10 and there 1s a
little possibility that the interior of the vehicle 10 1s viewed,
the controller 19 can create an open environment by show-
ing scenery outside the vehicle 10 to passengers inside the
vehicle 10. In this manner, the control apparatus 20 of the
vehicle 10 can further improve the level of satisfaction of
passengers by allowing the exterior of the vehicle 10 to be
visible from the interior.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the first information may include
an 1mage of the interior of the vehicle 10. The controller 19
can change the degree of wvisibility on the basis of the
number of persons appearing in the image of the interior of
the vehicle 10. According to such a configuration, the
control apparatus 20 of the vehicle 10 can determine the
number of passengers of the vehicle 10 and can change the
degree of visibility between the exterior and the interior of
the vehicle 10 1n accordance with the number of persons
appearing in the image.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the controller 19 can determine a
viewing allowance level for the interior of the vehicle 10
being viewed from the exterior and can change the degree of
degree of wvisibility on the basis of second information.
According to such a configuration, the control apparatus 20
of the vehicle 10 can change the degree of visibility between
the exterior and the interior of the vehicle 10 1n accordance
with the viewing allowance level of passengers in the
vehicle 10 being viewed.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, 1n a case in which the viewing
allowance level 1s equal to or greater than a third threshold,
the controller 19 can enable visibility between the exterior
and the interior of the vehicle 10. According to such a
configuration, 1n a case 1n which the viewing allowance level
for passengers 1n the vehicle 10 1s low, the control apparatus
20 of the vehicle 10 does not enable visibility between the
exterior and the interior of the vehicle 10, so that 1t 1s
possible to prevent a reduction in the level of satisfaction of
the passengers of the vehicle 10.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the controller 19 can change the
degree of visibility between the exterior and the interior of
the vehicle 10 by changing the transmittance of the wind-
shield provided to the vehicle 10. According to such a
configuration, the control apparatus 20 of the vehicle 10 can
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collectively change the degree of visibility 1n a case 1n which
the interior of the vehicle 10 1s viewed {from the exterior, and
the degree of visibility 1n a case 1n which the exterior of the
vehicle 10 1s viewed from the interior.

In the control apparatus 20 of the vehicle 10 according to
the present embodiment, the controller 19 can change the
degree of visibility between the exterior and the interior of
the vehicle 10 by changing a display image of at least one
of a display arranged to face outside of the vehicle 10 and
a display arranged to face inside of the vehicle 10. Accord-
ing to such a configuration, the control apparatus 20 of the
vehicle 10 can individually change the degree of visibility in
a case 1 which the interior of the vehicle 10 1s viewed from
the exterior and the degree of visibility 1n a case 1n which the
exterior of the vehicle 10 1s viewed from 1nside.

The vehicle 10 according to the present embodiment
includes the control apparatus 20 described above. Accord-
ing to such a configuration, the vehicle 10 can make the
interior of the vehicle 10 visible from the exterior or make
the exterior visible from the interior, from a state of the
exterior or interior of the vehicle 10. In this manner, for
example, 1t 1s possible to improve the eflectiveness of
advertising of a service provided inside the vehicle 10 by
showing the of the interior of the vehicle 10 to prospective
customers who are walking outside the vehicle 10. Alterna-
tively, 1t 1s possible to improve the level of satisfaction of
passengers by creating an open environment by showing
scenery outside the vehicle 10 to the passengers inside the
vehicle 10. Therefore, the user-friendliness of a technique
for providing imnformation to the interior or the exterior of a
vehicle 1s improved.

A control method according to the present embodiment 1s
a control method for the vehicle 10. The control method
includes a step 1n which the controller 19 changes the degree
of visibility between the exterior and the interior of the
vehicle 10 on the basis of at least one of first information
indicating a state of the exterior of the vehicle 10 and second
information indicating a state of the interior of the vehicle
10. According to such a configuration, the vehicle 10 can
make the interior of the vehicle 10 visible from the exterior
or can make the exterior visible from the interior, from a
state of the exterior or the interior of the vehicle 10. In this
manner, for example, it 1s possible to improve the effective-
ness of advertising of the service provided inside the vehicle
10 by showing a condition of the interior of the vehicle 10
to prospective customers who are walking outside the
vehicle 10. Alternatively, 1t 1s possible to improve the level
ol satisfaction ol passengers by creating an open environ-
ment by showing scenery outside the vehicle 10 to the
passengers inside the vehicle 10. Therefore, user-iriendli-
ness of a techmique for providing information to the interior
or the exterior of a vehicle 1s improved.

While the present disclosure has been described on the
basis of the drawings and examples, 1t 1s to be noted that a
person skilled in the art can easily make various modifica-
tions and corrections on the basis of the present disclosure.
Therefore, 1t 1s to be noted that these modifications and
alterations are included 1n the scope of the present disclo-
sure. For example, 1t 1s possible to rearrange functions, or
the like, mncluded 1n the respective means, the respective
steps, or the like, without producing logical inconsistency,
and 1t 1s possible to combine a plurality of means, steps, or
the like, to make one means, step, or the like, or divide the
means, steps, or the like.

For example, in the above-described embodiment, all or
part of functions or processing described as the functions or
the processing of the control apparatus 20 may be realized
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as functions or processing of a general-purpose mnformation
processing apparatus such as, for example, a smartphone and
a computer. Specifically, 1t 1s also possible to store a program
which describes processing content for realizing respective
functions of the control apparatus 20 according to the
embodiment in a memory ol an nformation processing
apparatus and cause a processor of the information process-
ing apparatus to read out and execute the program. There-
fore, the disclosure according to the present embodiment can
be realized as a program which can be executed by a
processor. For example, 1n a case where a general-purpose
information processing apparatus 1s caused to function as the
control apparatus 20 of the vehicle 10, the disclosure accord-
ing to the present embodiment can be realized by providing
an information processing apparatus having the above-
described configuration and functions as the configuration
and the functions of the control apparatus 20 of the vehicle

10, 1n the vehicle 10.

The mvention claimed 1s:

1. A control apparatus for a vehicle, comprising:

a controller configured to change the degree of visibility
between an exterior and an interior of the vehicle based
on at least one of first information indicating a state of
the exterior of the vehicle and second information
indicating a state of the interior of the vehicle.

2. The control apparatus according to claim 1,

wherein the first information includes an image of the
exterior of the vehicle, and

the controller changes the degree of visibility based on a
number of persons appearing in the image of the
exterior of the vehicle.

3. The control apparatus according to claim 1,

wherein the first information includes position 1informa-
tion for the vehicle, and

the controller changes the degree of visibility based on a
type of an area corresponding to the position informa-
tion of the vehicle.

4. The control apparatus according to claim 1,

wherein the controller determines a number of viewing
persons who view the interior of the vehicle from the
exterior and changes the degree of visibility based on
the first information.

5. The control apparatus according to claim 4,

wherein, in a case in which the number of viewing
persons 1s equal to or greater than a first threshold, the
controller enables visibility between the exterior and
the interior of the vehicle.

6. The control apparatus according to claim 4,

wherein, 1n a case in which the number of viewing
persons 1s equal to or less than a second threshold, the
controller enables visibility between the exterior and
the interior of the vehicle.

7. The control apparatus according to claim 1,

wherein the second imnformation includes an image of the
interior of the vehicle, and

the controller changes the degree of visibility based on a
number of persons appearing in the image of the
interior of the vehicle.

8. The control apparatus according to claim 1,

wherein the controller determines a viewing allowance
level for viewing the interior of the vehicle from the

exterior and changes the degree of visibility based on
the second information.
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9. The control apparatus according to claim 8,

wherein, 1n a case 1n which the viewing allowance level
1s equal to or greater than a third threshold, the con-
troller enables visibility between the exterior and the
interior of the vehicle.

10. The control apparatus according to claim 1,

wherein the controller changes the degree of visibility by
changing transmittance of a windshield provided to the
vehicle.

11. The control apparatus according to claim 1,

wherein the controller changes the degree of visibility by
changing a display image of at least one of a display
arranged to face outside the vehicle and a display
arranged to face inside the vehicle.

12. A vehicle comprising the control apparatus according

to claim 1.

13. A control method for a vehicle, comprising:

changing, by a controller, the degree of visibility between
an exterior and an interior of the vehicle based on at
least one of first information indicating a state of the
exterior of the vehicle and second information indicat-
ing a state of the interior of the vehicle.

14. The control method according to claim 13,

wherein the first information 1ncludes an 1image of the
exterior of the vehicle, and

the controller changes the degree of visibility based on a
number of persons appearing in the image of the
exterior of the vehicle.

15. The control method according to claim 13,

wherein the first information includes position informa-
tion for the vehicle, and
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the controller changes the degree of visibility based a type
of an area corresponding to the position information for
the vehicle.

16. The control method according to claim 13,

wherein the controller determines a number of viewing
persons who view the interior of the vehicle from the
exterior and changes the degree of visibility based on
the first information.

17. The control method according to claim 16,

wherein, 1 a case in which the number of viewing
persons 1s equal to or greater than a first threshold, the
controller enables visibility between the exterior and
the interior of the vehicle.

18. The control method according to claim 16,

wherein, 1 a case in which the number of viewing
persons 1s equal to or less than a second threshold, the
controller enables visibility between the exterior and
the interior of the vehicle.

19. The control method according to claim 13,

wherein the second information includes an 1mage of the
interior of the vehicle, and

the controller changes the degree of visibility based on a
number of persons appearing in the image of the
interior of the vehicle.

20. The control method according to claim 13,

wherein the controller determines a viewing allowance

level for viewing the interior of the vehicle from the
exterior and changes the degree of visibility based on

the second information.
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